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Abstract
We study supersymmetric AdS3 × Σ2 and AdS2 × Σ3 solutions, with
Σ2 = S
2,H2 and Σ3 = S
3,H3, in five-dimensional N = 4 gauged super-
gravity coupled to five vector multiplets. The gauge groups considered
here are U(1)×SU(2)×SU(2), U(1)×SO(3, 1) and U(1)×SL(3,R). For
U(1)× SU(2)× SU(2) gauge group admitting two supersymmetric N = 4
AdS5 vacua, we identify a new class of AdS3×Σ2 and AdS2×H3 solutions
preserving four supercharges. Holographic RG flows describing twisted
compactifications of N = 2 four-dimensional SCFTs dual to the AdS5
vacua to the SCFTs in two and one dimensions dual to these geometries
are numerically given. The solutions can also be interpreted as supersym-
metric black strings and black holes in asymptotically AdS5 spaces with
near horizon geometries given by AdS3 ×Σ2 and AdS2 ×H3, respectively.
These solutions broaden previously known black brane solutions including
half-supersymmetricAdS5 black strings recently found inN = 4 gauged su-
pergravity. Similar solutions are also studied in non-compact gauge groups
U(1)× SO(3, 1) and U(1)× SL(3,R).
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1 Introduction
Black branes of different spatial dimensions play an important role in the de-
veloment of string/M-theory. They lead to many insightful results such as the
construction of gauge theories in various dimensions and the celebrated AdS/CFT
correspondence [1]. According to the latter, black branes in asymptotically AdS
spaces are of particular interest since they are dual to RG flows across dimen-
sions from superconformal field theories (SCFTs) dual to the asymptotically AdS
spaces to lower-dimensional fixed points dual to the near horizon geometries [2].
Recently, a new approach for computing microscopic entropy of AdS4 balck holes
has been introduced based on twisted partition functions of three-dimensional
SCFTs [3, 4, 5, 6, 7, 8, 9, 10, 11]. This has also been applied to AdS black holes
in other dimensions [12, 13, 14, 15, 16, 17, 18].
In this paper, we are interested in supersymmetric black holes and black
strings in asymptocally AdS5 spaces from five-dimensional N = 4 gauged super-
gravity coupled to vector multiplets constructed in [19, 20] using the embedding
tensor formalism [21, 22, 23]. These solutions have near horizon geometries of
the forms AdS2 × Σ3 and AdS3 × Σ2, respectively. We will consider Σ3 in the
form of a three-sphere (S3) and a three-dimensional hyperbolic space (H3). Sim-
ilarly, Σ2 will be given by a two-sphere (S
2) and a two-dimensional hyperbolic
space (H2), or a Riemann surface of genus g > 1. Similar solutions have previ-
ously been found in minimal and maximal gauged supergravities, see for example
[24, 25, 26, 27, 28, 29, 30, 31, 32]. This type of solutions has also appeared
in pure N = 4 gauged supergravity in [33], and recently, half-supersymmetric
black strings with hyperbolic horizons have been found in matter-coupled N = 4
gauged supergravity with compact U(1) × SU(2) × SU(2) and non-compact
U(1)× SO(3, 1) gauge groups [34].
We will look for more general solutions of AdS5 black strings with both
hyperbolic and spherical horizons and preserving 1
4
of the N = 4 supersymmetry
in five dimensions. The solutions interpolate between N = 4 supersymmetric
AdS5 vacua of the gauged supergravity and near horizon geometries of the form
AdS3×Σ2. In addition, we will look for supersymmetric black holes interpolating
between AdS5 vacua and near horizon geometries AdS2 × Σ3. According to the
AdS/CFT correspondence, these solutions describe RG flows across dimensions
from the dual N = 2 SCFTs to two- and one-dimensional SCFTs in the IR. The
IR SCFTs are obtained via twisted compactifications of N = 2 SCFTs in four
dimensions. Many solutions of this type have been found in various space-time
dimensions, see [35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47] for an incomplete
list.
We mainly consider N = 4 gauged supergravity coupled to five vector
multiplets with gauge groups entirely embedded in the global symmetry SO(5, 5).
We will also restrict ourselves to gauge groups that lead to supersymmetric
AdS5 vacua. These gauge groups have been shown in [48] to take the form
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of U(1) × H0 × H with the U(1) gauged by the graviphoton that is a singlet
under USp(4) ∼ SO(5) R-symmetry. The H ⊂ SO(n+3−dimH0) is a compact
group gauged by vector fields in the vector multiplets, and H0 is a non-compact
group gauged by three of the graviphotons and dimH0−3 vectors from the vector
multiplets. The remaining two graviphotons in the fundamental representation
of SO(5) are dualized to massive two-form fields. In addition, H0 must contain
an SU(2) subgroup. For the case of five vector multiplets, possible gauge groups
that admit supersymmetric AdS5 vacua and can be embedded in SO(5, 5) are
U(1) × SU(2) × SU(2), U(1) × SO(3, 1) and U(1) × SL(3,R). We will look for
AdS5 black string and black hole solutions in all of these gauge groups.
The paper is organized as follow. In section 2, we review N = 4 gauged
supergravity in five dimensions coupled to vector multiplets using the embed-
ding tensor formalism. In section 3, we find supersymmetric AdS3×Σ2 solutions
preserving four supercharges and give numerical RG flow solutions interpolat-
ing between these geometries and supersymmetric AdS5 vacua. An AdS2 × H3
solution together with an RG flow interpolating between AdS5 vacua and this
geometry will also be given. In section 4 and 5, we repeat the same analysis
for non-compact U(1) × SO(3, 1) and U(1) × SL(3,R) gauge groups. Since the
U(1) × SL(3,R) gauge group has not been studied in [34], we will discuss its
construction and supersymmetric AdS5 vacuum in detail. The full scalar mass
spectrum at this critical point will also be given. This should be useful in the
holographic context since it contains information on dimensions of operators dual
to supergravity scalars. We end the paper with some conclusions and comments
in section 6.
2 Five dimensional N = 4 gauged supergravity
coupled to vector multiplets
In this section, we briefly review the structure of five dimensional N = 4 gauged
supergravity coupled to vector multiplets with the emphasis on formulae relevant
for finding supersymmetric solutions. The detailed construction of N = 4 gauged
supergravity can be found in [19] and [20].
The N = 4 gravity multiplet consists of the graviton eµˆµ, four gravitini
ψµi, six vectors A
0 and Amµ , four spin-
1
2
fields χi and one real scalar Σ, the dila-
ton. Space-time and tangent space indices are denoted respectively by µ, ν, . . . =
0, 1, 2, 3, 4 and µˆ, νˆ, . . . = 0, 1, 2, 3, 4. The SO(5) ∼ USp(4) R-symmetry in-
dices are described by m,n = 1, . . . , 5 for the SO(5) vector representation and
i, j = 1, 2, 3, 4 for the SO(5) spinor or USp(4) fundamental representation. The
gravity multiplet can couple to an arbitrary number n of vector multiplets. Each
vector multiplet contains a vector field Aµ, four gaugini λi and five scalars φ
m.
The n vector multiplets will be labeled by indices a, b = 1, . . . , n, and the compo-
nents fields within these vector multiplets will be denoted by (Aaµ, λ
a
i , φ
ma). From
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both gravity and vector multiplets, there are in total 6 + n vector fields which
will be denoted by AMµ = (A
0
µ, A
m
µ , A
a
µ). All fermionic fields are described by
symplectic Majorana spinors subject to the following condition
ξi = ΩijC(ξ¯
j)T (1)
with C and Ωij being respectively the charge conjugation matrix and USp(4)
symplectic form.
The 5n scalar fields from the vector multiplets parametrize the SO(5, n)/SO(5)×
SO(n) coset. To describe this coset manifold, we introduce a coset representative
V AM transforming under the global SO(5, n) and the local SO(5)×SO(n) by left
and right multiplications, respectively. We use indices M,N, . . . = 1, 2, . . . , 5 + n
for global SO(5, n) indices. The local SO(5) × SO(n) indices A,B, . . . will be
split into A = (m, a). We can accordingly write the coset representative as
V AM = (V mM ,V aM ). (2)
The matrix V AM is an element of SO(5, n) and satisfies the relation
ηMN = VMAVNBηAB = −V mM V mN + V aM V aN (3)
with ηMN = diag(−1,−1,−1,−1,−1, 1, . . . , 1) being the SO(5, n) invariant ten-
sor. Equivalently, the SO(5, n)/SO(5) × SO(n) coset can also be described in
term of a symmetric matrix
MMN = V mM V mN + V aM V aN (4)
which is manifestly invariant under the SO(5)× SO(n) local symmetry.
Gaugings promote a given subgroupG0 of the full global symmetry SO(1, 1)×
SO(5, n) of N = 4 supergravity coupled to n vector multiplets to be a local sym-
metry. These gaugings are efficiently described by using the embedding tensor
formalism. N = 4 supersymmetry allows three components of the embedding
tensor ξM , ξMN = ξ[MN ] and fMNP = f[MNP ] [19]. The first component ξ
M de-
scribes the embedding of the gauge group in the SO(1, 1) ∼ R+ factor identified
with the coset space parametrized by the dilaton Σ. From the result of [48], the
existence of N = 4 supersymmetric AdS5 vacua requires ξ
M = 0. In this paper,
we are only interested in solutions that are asymptotically AdS5, so we will re-
strict ourselves to the gaugings with ξM = 0.
For ξM = 0, the gauge group is entirely embedded in SO(5, n) with the
gauge generators given by
(XM)N
P = −fMQR(tQR)NP = fMNP and (X0)NP = −ξQR(tQR)NP = ξNP .
(5)
The matrices (tMN)P
Q = δQ[MηN ]P are SO(5, n) generators in the fundamental
representation. The full covariant derivative reads
Dµ = ∇µ + AMµ XM + A0µX0 (6)
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where∇µ is the usual space-time covariant derivative. We use the convention that
the definition of ξMN and fMNP includes the gauge coupling constants. Note also
that SO(5, n) indices M,N, . . . are lowered and raised by ηMN and its inverse
ηMN , respectively.
Generators XM = (X0, XM) of a consistent gauge group must form
a closed subalgebra of SO(5, n). This requires ξMN and fMNP to satisfy the
quadratic constraints, see [19],
fR[MNfPQ]
R = 0 and ξM
QfQNP = 0 . (7)
Gauge groups that admit N = 4 supersymmetric AdS5 vacua generally take the
form of U(1)×H0×H , see [48] for more detail. The U(1) is gauged by A0µ while
H ⊂ SO(n+3−dimH0) is a compact group gauged by vector fields in the vector
multiplets. H0 is a non-compact group gauged by three of the graviphotons and
dimH0 − 3 vectors from the vector multiplets. H0 must also contain an SU(2)
subgroup. For simple groups, H0 can be SU(2) ∼ SO(3), SO(3, 1) and SL(3,R).
In the embedding tensor formalism, there are two-form fields BµνM that
are introduced off-shell. These two-form fields do not have kinetic terms and
couple to vector fields via a topological term. They satisfy a first-order field
equation given by, see [19] for more detail,
ξMN
[
1
6
√
2
ǫµνρλσH(3)ρλσN −MNPHPµν
]
= 0 (8)
in which M00 = Σ−4, M0M = 0 and MMN = Σ2MMN . The field strength H(3)M
is defined by
ξMNH(3)µνρN = ξMN
[
3D[µBνρ]N + 6dNPQA
P
[µ
(
∂νA
Q
ρ] +
1
3
XRS
QARν A
S
ρ]
)]
(9)
with d0MN = dMN0 = dM0N = ηMN and
XMN
P = −fMNP , XM00 = 0, X0MN = −ξMN . (10)
In all of the solutions considered here, the Chern-Simons term in equation (9)
vanish due to a particular form of the ansatz for the gauge fields. In addition,
the termMNPHPµν in equation (8) also vanish provided that the gauge fields A1
and A2 are set to zero. With all these, the two-form fields can be consistently
truncated out. We will accordingly set all the two-form fields to zero from now
on.
The bosonic Lagrangian of a general gauged N = 4 supergravity coupled
to n vector multiplets can accordingly be written as
e−1L = 1
2
R− 1
4
Σ2MMNHMµνHNµν −
1
4
Σ−4H0µνH0µν
−3
2
Σ−2DµΣD
µΣ +
1
16
DµMMND
µMMN − V + e−1Ltop (11)
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where e is the vielbein determinant. Ltop is the topological term whose explicit
form will not be given here since, given our ansatz for the gauge fields, it will not
play any role in the present discussion.
With vanishing two-form fields, the covariant gauge field strength tensors
read
HMµν = 2∂[µAMν] +XNPMANµ APν . (12)
The scalar potential is given by
V = −1
4
[
fMNPfQRSΣ
−2
(
1
12
MMQMNRMPS − 1
4
MMQηNRηPS
+
1
6
ηMQηNRηPS
)
+
1
4
ξMNξPQΣ
4(MMPMNQ − ηMPηNQ)
+
√
2
3
fMNP ξQRΣM
MNPQRS
]
(13)
where MMN is the inverse of MMN , and M
MNPQRS is obtained from
MMNPQR = ǫmnpqrV mM V nN V pP V qQ V rR (14)
by raising the indices with ηMN .
Supersymmetry transformations of fermionic fields (ψµi, χi, λ
a
i ) are given
by
δψµi = Dµǫi +
i√
6
ΩijA
jk
1 γµǫk
− i
6
(
ΩijΣVMjkHMνρ −
√
2
4
δki Σ
−2H0νρ
)
(γµ
νρ − 4δνµγρ)ǫk, (15)
δχi = −
√
3
2
iΣ−1DµΣγ
µǫi +
√
2Akj2 ǫk
− 1
2
√
3
(
ΣΩijVMjkHMµν +
1√
2
Σ−2δkiH0µν
)
γµνǫk, (16)
δλai = iΩ
jk(VMaDµVijM)γµǫk +
√
2ΩijA
akj
2 ǫk −
1
4
ΣVMaHMµνγµνǫi (17)
in which the fermion shift matrices are defined by
Aij1 = −
1√
6
(√
2Σ2ΩklVMikVNjlξMN + 4
3
Σ−1V ikMVjlNVP klfMNP
)
,
Aij2 =
1√
6
(√
2Σ2ΩklVMikVNjlξMN − 2
3
Σ−1V ikMVjlNVP klfMNP
)
,
Aaij2 = −
1
2
(
Σ2VMaVNijξMN −
√
2Σ−1ΩklVMaVN ikVP jlfMNP
)
. (18)
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In these equations, V ijM is defined in term of VMm as
VMij = 1
2
VMmΓijm (19)
where Γijm = Ω
ikΓmk
j and Γmi
j are SO(5) gamma matrices. Similarly, the inverse
element VijM can be written as
VijM = 1
2
VmM(Γijm)∗ =
1
2
VmMΓklmΩkiΩlj . (20)
In the subsequent analysis, we use the following explicit choice of SO(5) gamma
matrices Γmi
j given by
Γ1 = −σ2 ⊗ σ2, Γ2 = iI2 ⊗ σ1, Γ3 = I2 ⊗ σ3,
Γ4 = σ1 ⊗ σ2, Γ5 = σ3 ⊗ σ2 (21)
where σi, i = 1, 2, 3 are the usual Pauli matrices.
The covariant derivative on ǫi reads
Dµǫi = ∂µǫi +
1
4
ωabµ γabǫi +Qµi
jǫj (22)
where the composite connection is defined by
Qµi
j = VikM∂µVMkj − A0µξMNVMikVNkj − AMµ VikNVkjPfMNP . (23)
In this work, we mainly focus on the case of n = 5 vector multiplets. To
parametrize the scalar coset SO(5, 5)/SO(5)× SO(5), it is useful to introduce a
basis for GL(10,R) matrices
(eMN)PQ = δMP δNQ (24)
in terms of which SO(5, 5) non-compact generators are given by
Yma = em,a+5 + ea+5,m, m = 1, 2, . . . , 5, a = 1, 2, . . . , 5 . (25)
3 U(1)× SU(2)× SU(2) gauge group
For a compact U(1)×SU(2)×SU(2) gauge group, components of the embedding
tensor are given by
ξMN = g1(δ
M
2 δ
N
1 − δM1 δN2 ), (26)
fm˜+2,n˜+2,p˜+2 = −g2ǫm˜n˜p˜, m˜, n˜, p˜ = 1, 2, 3, (27)
fabc = g3ǫabc, a, b, c = 1, 2, 3 (28)
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where g1, g2 and g3 are the coupling constants for each factor in U(1)× SU(2)×
SU(2).
The scalar potential obtained from truncating the scalars from vector
multiplets to U(1)×SU(2)diag ⊂ U(1)×SU(2)×SU(2) singlets has been studied
in [34]. There is one U(1)× SU(2)diag singlet from the SO(5, 5)/SO(5)× SO(5)
coset corresponding to the following SO(5, 5) non-compact generator
Ys = Y31 + Y42 + Y53 . (29)
With the coset representative given by
V = eφYs, (30)
the scalar potential can be computed to be
V =
1
32Σ2
[
32
√
2g1g2Σ
3 cosh3 φ− 9(g22 + g23) cosh(2φ)
−8(g22 − g23 − 4
√
2g1g3Σ
3 sinh3 φ− g2g3 sinh3 φ)
+(g22 + g
2
3) cosh(6φ)
]
. (31)
The potential admits two N = 4 supersymmetric AdS5 critical points
given by
i : φ = 0, Σ = 1, V0 = −3g21 (32)
ii : φ =
1
2
ln
[
g3 − g2
g3 + g2
]
, Σ =
(
g2g3
g1
√
2(g23 − g22)
) 1
3
,
V0 = −3
(
g1g
2
2g
2
3
2(g23 − g22)
) 2
3
. (33)
In critical point i, we have set g2 = −
√
2g1 to make this critical point occur at
Σ = 1. However, we will keep g2 explicit in most expressions for brevity. Critical
point i is invariant under the full gauge symmetry U(1)× SU(2) × SU(2) while
critical point ii preserves only U(1)×SU(2)diag symmetry due to the non-vanising
scalar φ. V0 denotes the cosmological constant, the value of the scalar potential
at a critical point.
3.1 Supersymmetric black strings
We now consider vacuum solutions of the form AdS3×Σ2 with Σ2 being S2 or H2.
A number of AdS3×H2 solutions that preserve eight supercharges together with
RG flows interpolating between them and supersymmetric AdS5 critical points
have already been given in [34]. In this section, we look for more general solutions
8
that preserve only four supercharges.
We begin with the metric ansatz for the Σ2 = S
2 case
ds2 = e2f(r)dx21,1 + dr
2 + e2g(r)(dθ2 + sin2 θdφ2) (34)
where dx21,1 is the flat metric in two dimensions. For Σ2 = H
2, the metric is given
by
ds2 = e2f(r)dx21,1 + dr
2 + e2g(r)(dθ2 + sinh2 θdφ2). (35)
As r → ∞, the metric becomes locally AdS5 with f(r) ∼ g(r) ∼ rLAdS5 while
the near horizon geometry is characterized by the conditions f(r) ∼ r
LAdS3
and
constant g(r), or equivalently g′(r) = 0.
To preserve some amount of supersymmetry, we perform a twist by can-
celling the spin connection along the Σ2 by some suitable choice of gauge fields.
We will first consider abelian twists from the U(1)×U(1)×U(1) subgroup of the
U(1) × SU(2) × SU(2) gauge symmetry. The gauge fields corresponding to this
subgroup will be denoted by (A0, A5, A8). The ansatz for these gauge fields will
be chosen as
AM=0,5,8 = aM cos θdφ . (36)
for the S2 case and
AM=0,5,8 = aM cosh θdφ . (37)
for the H2 case.
3.1.1 Solutions with U(1)× U(1)× U(1) symmetry
There are three singlets from the SO(5, 5)/SO(5)× SO(5) coset corresponding
to the SO(5, 5) non-compact generators Y53, Y54 and Y55. However, these can be
consistently truncated to only a single scalar with the coset representative given
by
V = eϕY53 . (38)
We now begin with the analysis for Σ2 = S
2. With the relevant compo-
nent of the spin connection ωφˆθˆ = e−g cot θeφˆ, we find the covariant derivative of
ǫi along the φˆ direction
Dφˆǫi = . . .+
1
2
e−g cot θ
[
γφˆθˆǫi − ia0g1(σ2 ⊗ σ3)ijǫj + ia5g2(σ1 ⊗ σ1)ijǫj
]
(39)
where . . . refers to the term involving g′ that is not relevant to the present discus-
sion. Note also that a8 does not appear in the above equation since A
8 is not part
of the R-symmetry under which the gravitini and supersymmetry parameters are
charged.
For half-supersymmetric solutions considered in [34], it has been shown
that the twists from A0 and A5 can not be performed simultaneously, and there
exist only AdS3 ×H2 solutions. However, if we allow for an extra projector such
9
that only 1
4
of the original supersymmetry is unbroken, it is possible to keep both
the twists from A0 and A5 non-vanishing. To achieve this, we note that
iσ2 ⊗ σ3 = i(σ1 ⊗ σ1)(σ3 ⊗ σ2). (40)
We then impose the following projector to make the two terms with a0 and a5 in
(39) proportional
(σ3 ⊗ σ2)ijǫj = −ǫi . (41)
To cancel the spin connection, we then impose another projector
iγθˆφˆǫi = −(σ1 ⊗ σ1)ijǫj . (42)
and the twist condition
a0g1 + a5g2 = 1 . (43)
It should be noted that the condition (43) reduces to that of [34] for either a0 = 0
or a5 = 0. However, the solutions in this case preserve only four supercharges, or
N = 2 supersymmetry in three dimensions, due to the additional projector (41).
To setup the BPS equations, we also need the γr projection due to the
radial dependence of scalars. Following [34], this projector is given by
γrǫi = Ii
jǫj (44)
with Ii
j defined by
Ii
j = (σ2 ⊗ σ3)ij . (45)
The covariant field strength tensors for the gauge fields in (36) can be straight-
forwardly computed, and the result is
HM = −aM sin θdθ ∧ dφ . (46)
For Σ2 = H
2, the cancellation of the spin connection ωφˆθˆ = e−g coth θeφˆ
is again achieved by the gauge field ansatz (37) using the conditions (41), (42)
and (43). On the other hand, the covariant field strengths are now given by
HM = aM sinh θdθ ∧ dφ . (47)
which have opposite signs to those of the S2 case. This results in a sign change
of the parameter (a0, a5, a8) in the corresponding BPS equations.
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With all these, we obtain the following BPS equations
ϕ′ =
1
2
Σ−1e−ϕ−2g
[
g2e
2g(e2ϕ − 1)− κΣ2(a5 − a8 − e2ϕ(a5 + a8))
]
, (48)
Σ′ = −1
3
(
√
2g1Σ
3 + g2 coshϕ) +
1
3
Σ−1e−2g[−
√
2κa0
+κΣ3(a5 coshϕ+ a8 sinhϕ)], (49)
g′ =
1
6
Σ−2
[√
2g1Σ
4 − 2
√
2κa0e
−2g − 2g2 coshϕΣ
−4κΣ3e−2g(a5 coshϕ+ a8 sinhϕ)
]
, (50)
f ′ =
1
6
Σ−2
[√
2g1Σ
4 +
√
2κa0e
−2g − 2g2 coshϕΣ
+2κΣ3e−2g(a5 coshϕ+ a8 sinhϕ)
]
. (51)
In these equations, κ = 1 and κ = −1 refer to Σ2 = S2 and Σ2 = H2, respectively.
It can also be readily verified that these equations also imply the second order
field equations.
We now look for AdS3 solutions from the above BPS equations. These
solutions are characterized by the conditions g′ = ϕ′ = Σ′ = 0 and f ′ = 1
LAdS3
.
We find the following AdS3 solutions.
• For ϕ = 0, AdS3 solutions only exist for a8 = 0 and are given by
Σ =
2
1
6κ
(a5g1)
1
3
, g =
1
6
ln
(
2a45
g21
)
, LAdS3 =
2
7
6a
2
3
5
g
1
3
1 (1− κa5g2)
. (52)
This should be identified with similar solutions of pure N = 4 gauged
supergravity found in [33]. Since a8 and ϕ vanish in this case, the AdS3
solution has a larger symmetry U(1)×U(1)×SU(2). Note also that unlike
half-supersymmetric solutions that exist only for Σ2 = H
2, both Σ2 = S
2
and Σ2 = H
2 are possible by appropriately chosen values of a0, a5 and g1,
recall that g2 = −
√
2g1.
• For ϕ 6= 0, we find a class of solutions
ϕ =
1
2
ln
[
(a5 − a8)(a0g1 − a8g2)
(a5 + a8)(a0g1 + a8g2)
]
,
Σ =
( √
2κa0√
(a25 − a28)(a20g21 − a28g22)
) 1
3
,
g =
1
6
ln
[
2a20(a
2
5 − a28)
a20g
2
1 − a28g22
]
,
LAdS3 =
2
7
6a
1
3
0 (a
2
5 − a28)
1
3 (a20g
2
1 − a28g22)
1
3
a0g1(1− κa5g2)− κg22a28
. (53)
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Figure 1: An RG flow from N = 4 AdS5 critical point with U(1)×SU(2)×SU(2)
symmetry to N = 2 AdS3 × S2 geometry in the IR with U(1) × U(1) × SU(2)
symmetry and g1 = 1, a5 = 1 and a8 = 0.
Note that when a8 = 0, we recover the AdS3 solutions in (52). As in the
previous solution, it can also be verified that these AdS3 solutions exist for
both Σ2 = S
2 and Σ2 = H
2.
Examples of numerical solutions interpolating between N = 4 AdS5 vacuum with
U(1)×SU(2)×SU(2) symmetry to these AdS3×Σ2 are shown in figure 1 and 2.
At large r, the solutions are asymptotically N = 4 supersymmetric AdS5 critical
point i given in (32). It should also be noted that the flow solutions preserve only
two supercharges due to the γr projector imposed along the flow.
3.1.2 Solutions with U(1)× U(1)diag symmetry
We now move to a set of scalars with smaller unbroken symmetry U(1)×U(1)diag
with U(1)diag being a diagonal subgroup of U(1) × U(1) ⊂ SU(2) × SU(2).
As pointed out in [34], there are five singlets from the vector multiplet scalars
but these can be truncated to three scalars corresponding to the following non-
compact generators of SO(5, 5)
Yˆ1 = Y31 + Y42, Yˆ2 = Y53, Yˆ3 = Y32 − Y41 . (54)
The coset representative is then given by
V = eφ1Yˆ1eφ2Yˆ2eφ3Yˆ3 . (55)
To implement the U(1)diag gauge symmetry, we impose an additional condition
on the parameters a5 and a8 as follow
g2a5 = g3a8 . (56)
We can repeat the previous analysis for the U(1) × U(1) × U(1) twists, and
the result is the same as in the previous case with the twist condition (43) and
projectors (41), (42) and (44).
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Figure 2: An RG flow from N = 4 AdS5 critical point with U(1)×SU(2)×SU(2)
symmetry to N = 2 AdS3 × S2 geometry in the IR with U(1) × U(1) × U(1)
symmetry and g1 = 1, a5 = 2 and a8 = −1.
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With the same procedure as in the previous case, we obtain the following
BPS equations
φ′1 =
1
2
Σ−1sech(2φ3) sinh(2φ1)(g2 coshφ2 + g3 sinh φ2), (57)
φ′2 =
1
2
Σ−1 cosh(2φ1) cosh(2φ3)(g2 sinh φ2 + g3 coshφ2)
+
1
2
Σ−1(g2 sinhφ2 − g3 coshφ2) + a5κ
g3
e−2gΣ(g2 cosh φ2 + g3 sinhφ2),(58)
φ′3 =
1
2
Σ−1 cosh(2φ1) sinh(2φ3)(g2 coshφ2 + g3 sinh φ2), (59)
Σ′ = − 1
6g3
Σ−1e−2g
[
−2κa5Σ3(g3 coshφ2 + g2 sinh φ2) + 2
√
2κg3a0
+e2gg3Σ [cosh(2φ1) cosh(2φ3)(g2 cosh φ2 + g3 sinhφ2)
g2 cosh φ2 − g3 sinhφ2 + 2
√
2g1Σ
3
]]
, (60)
g′ =
1
6g3
Σ−2
[
g3Σ(g3 sinh φ2 − g2 coshφ2)− 2
√
2κa0g3e
−2g
−Σcosh(2φ1) cosh(2φ3)(g2 coshφ2 + g3 sinh φ2) +
√
2g1g3Σ
4
−4κa5e−2gΣ3(g3 coshφ2 + g2 sinh φ2)
]
, (61)
f ′ =
1
6g3
Σ−2
[
g3Σ(g3 sinh φ2 − g2 coshφ2) +
√
2κa0g3e
−2g
−Σcosh(2φ1) cosh(2φ3)(g2 coshφ2 + g3 sinh φ2) +
√
2g1g3Σ
4
+2κa5e
−2gΣ3(g3 cosh φ2 + g2 sinhφ2)
]
. (62)
From these equations, we find the following AdS3 × Σ2 solutions.
• For φ1 = φ3 = 0, there is a family of AdS3 solutions given by
I : φ2 =
1
2
ln
[
(g2 − g3)(g22a5 − a0g1g3)
(g2 + g3)(g22a5 + a0g1g3)
]
,
g =
1
6
ln
[
2a20a
4
5(g
2
3 − g22)2
g23(a
2
0g
2
1g
2
3 − a25g42)
]
,
Σ = −
[ √
2a0g
2
3
a5
√
(g23 − g22)(a20g21g23 − a25g42)
] 1
3
. (63)
We refrain from giving the explicit form of LAdS3 at this vacuum due to its
complexity.
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• For φ3 = 0, we find
II : φ2 = φ1 =
1
2
ln
[
g3 − g2
g3 + g2
]
, Σ =
[ √
2κg3
g1a5
√
g23 − g22
] 1
3
,
g =
1
6
ln
[
2a45(g
2
3 − g22)2
g21g
4
3
]
, LAdS3 =
[
8
√
2a25(g
2
3 − g22)
g1g
2
3(1− κa5g2)3
] 1
3
.(64)
• Finally, for φ1 = 0, we find
III : φ2 = φ3 =
1
2
ln
[
g3 − g2
g3 + g2
]
, Σ =
[ √
2κg3
g1a5
√
g23 − g22
] 1
3
,
g =
1
6
ln
[
2a45(g
2
3 − g22)2
g21g
4
3
]
, LAdS3 =
[
8
√
2a25(g
2
3 − g22)
g1g23(1− κa5g2)3
] 1
3
.(65)
Unlike the previous case, at large r, we find that solutions to these BPS equations
can be asymptotic to any of the two N = 4 supersymmetric AdS5 vacua i and
ii given in (32) and (33). Therefore, we can have RG flows from the two AdS5
vacua to any of these AdS3 ×Σ2 solutions. Some examples of these solutions for
Σ2 = S
2 are given in figures 3, 4, 5 and 6.
3.2 Supersymmetric black holes
We now move to another type of solutions, supersymmetric AdS5 black holes.
We will consider near horizon geometries of the form AdS2×Σ3 for Σ3 = S3 and
Σ3 = H
3. The twist procedure is still essential to preserve supersymmetry. For
the S3 case, we take the metric to be
ds2 = −e2f(r)dt2 + dr2 + e2g(r) [dψ2 + sin2 ψ(dθ2 + sin2 θdφ2)] . (66)
With the following choice of vielbein
etˆ = efdt, erˆ = dr, eψˆ = egdψ,
eθˆ = eg sinψdθ, eφˆ = eg sinψ sin θdφ, (67)
we obtain non-vanishing components of the spin connection
ω tˆrˆ = f
′etˆ, ωψˆ rˆ = g
′eψˆ, ωθˆ rˆ = g
′eθˆ, ωφˆrˆ = g
′eφˆ,
ωφˆθˆ = e
−g cot θ
sinψ
eφˆ, ωφˆψˆ = e
−g cotψeφˆ, ωθˆψˆ = e
−g cotψeθˆ . (68)
We then turn on gauge fields corresponding to the U(1) × SU(2)diag ⊂
U(1)×SU(2)×SU(2) symmetry and consider scalar fields that are singlet under
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Figure 3: An RG flow from AdS5 critical point with U(1) × SU(2) × SU(2)
symmetry to AdS3 × S2 critical point I for g1 = 1, g3 = 2g1 and a5 = 14 .
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U(1)×SU(2)diag. Using the coset representative (30), we find components of the
composite connection that involve the gauge fields
Qi
j = − i
2
g1A
0(σ2 ⊗ σ3)ij + i
2
g2
[
A3(σ2 ⊗ I2)ij − A4(σ3 ⊗ σ1)ij + A5(σ1 ⊗ σ1)ij
]
.
(69)
The components of the spin connection on S3 that need to be cancelled are ωφˆθˆ,
ωφˆψˆ and ω
θˆ
ψˆ. To impose the twist, we set A
0 = 0 and take the SU(2)diag gauge
fields to be
A3 = a3 cosψdθ, A
4 = a4 cos θdφ, A
5 = a5 cosψ sin θdφ (70)
together with A3+m = g2
g3
Am for m = 3, 4, 5.
By considering the covariant derivative of ǫi along θ and φ directions, we
find that the twist is achieved by imposing the following conditions
g2a3 = g2a4 = g2a5 = 1 (71)
and projectors
iγθˆψˆǫi = (σ2 ⊗ I2)ijǫj , iγθˆφˆǫi = (σ3 ⊗ σ1)ijǫj , iγφˆψˆǫi = (σ1 ⊗ σ1)ijǫj . (72)
Note that the last projector is not independent of the first two. Therefore, the
AdS2 solutions preserve four supercharges of the original supersymmetry. Con-
dition (71) also implies a3 = a4 = a5. We will then set a3 = a4 = a5 = a from
now on. Using the definition (12), we find the gauge covariant field strengths
H3 = −ae−2geψˆ ∧ eθˆ, H4 = −ae−2geθˆ ∧ eφˆ, H5 = −ae−2geψˆ ∧ eφˆ (73)
and H3+m = g2
g3
Hm for m = 3, 4, 5.
For Σ3 = H
3, we use the metric ansatz
ds2 = −e2fdt2 + dr2 + e
2g
y2
(dx2 + dy2 + dz2) (74)
with non-vanishing components of the spin connection
ωxˆrˆ = g
′exˆ, ωyˆ rˆ = g
′eyˆ, ωzˆ rˆ = g
′ezˆ,
ωxˆyˆ = −e−gexˆ, ωzˆ yˆ = −e−gezˆ, ω tˆrˆ = f ′etˆ (75)
where various components of the vielbein are given by
etˆ = efdt, erˆ = dr, exˆ =
eg
y
dx,
eyˆ =
eg
y
dy, ezˆ =
eg
y
dz . (76)
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Since there are only two components, ωxˆyˆ and ω
zˆ
yˆ, of the spin connection to be
cancelled in the twisting process, we turn on the following SU(2) gauge fields
A3 =
a
y
dx, A4 = 0, A5 =
a˜
y
dz (77)
and Am+3 = g2
g3
Am, for m = 3, 4, 5.
Repeating the same analysis as in the S3 case, we find the twist conditions
g2a = g2a˜ = 1 (78)
and projectors
iγyˆxˆǫi = (σ2 ⊗ I2)ijǫj , iγyˆzˆǫi = (σ1 ⊗ σ1)ijǫj , iγxˆzˆǫi = (σ3 ⊗ σ1)ijǫj . (79)
The last projector is not needed for the twist with A4 = 0. In addition, it follows
from the first two projectors as in the S3 case. The twist condition (78) again
implies that a˜ = a, and the covariant field strengths in this case are given by
H3 = ae−2gexˆ ∧ eyˆ, H4 = ae−2gezˆ ∧ exˆ, H5 = ae−2gezˆ ∧ eyˆ (80)
and Hm+3 = g2
g3
Hm, for m = 3, 4, 5. Note that although A4 = 0, we have non-
vanishing H4 due to the non-abelian nature of SU(2) field strengths.
With all these ingredients, the following BPS equations are straightfor-
wardly obtained
φ′ =
1
8g3
Σ−1e−3φ−2g[g2 − g3 + e2φ(g2 + g3)]
[
g3e
2g(e4φ − 1) + 4κae2φΣ2] , (81)
Σ′ = −1
3
[
g2 cosh
3 φ+ g3 sinh
3 φ+
√
2g1Σ
3
]
+
κ
g3
ae−2gΣ2(g3 cosh φ+ g2 sinh φ), (82)
g′ = −1
3
Σ−1(g2 cosh
3 φ+ g3 sinh
3 φ) +
1
3
g1Σ
2
− κ
g3
ae−2gΣ(g3 coshφ+ g2 sinhφ), (83)
f ′ = −1
3
Σ−1(g2 cosh
3 φ+ g3 sinh
3 φ) +
1
3
g1Σ
2
+
κ
g3
ae−2gΣ(g3 coshφ+ g2 sinh φ). (84)
As in the AdS3 solutions, κ = 1 and κ = −1 corresponds to Σ3 = S3 and Σ3 = H3,
respectively.
It turns out that only κ = −1 leads to an AdS2 solution given by
φ =
1
2
ln
[
g3 − g2
g3 + g2
]
, Σ = −
[
2
√
2g2g3
g1
√
g23 − g22
] 1
3
,
g =
1
2
ln
[
2a(g23 − g22)
2
3
g
2
3
1 g
1
3
2 g
4
3
3
]
, LAdS2 =
(g23 − g22)
1
3
√
2g
1
3
1 g
2
3
2 g
2
3
3
. (85)
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Figure 7: An RG flow from AdS5 critical point with U(1) × SU(2) × SU(2)
symmetry to AdS2 ×H3 critical point for g1 = 1 and g3 = 2g1.
This solution preserves N = 4 supersymmetry in two dimensions and U(1) ×
SU(2)diag symmetry. As r →∞, f ∼ g ∼ r, solutions to the above BPS equations
are locally asymptotic to either of the N = 4 AdS5 vacua in (32) and (33). RG
flow solutions interpolating between these AdS5 vacua and the AdS2×H3 solution
in (85) are shown in figure 7 and 8. In particular, the flow in figure 8 connects
three critical points similar to the solution given in the previous section.
We end this section by a comment on the possibility of turning on the
twist from A0 along with those from the SU(2)diag gauge fields. As in the previous
section, if we impose an additional projector
(I2 ⊗ σ3)ijǫj = −ǫi, (86)
the projection matrix of the A0 term in the composite connection (69) will be
proportional to that of A3. We will consider the S3 case for concreteness and
take the ansatz for A0 to be
A0 = a0 cosψdθ (87)
and proceed as in the A0 = 0 case. This results in the projectors given in (72)
and the twist conditions
g2a4 = g2a5 = 1 and g1a0 + g2a3 = 1 . (88)
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Figure 8: An RG flow from AdS5 critical point with U(1) × SU(2) × SU(2)
symmetry to AdS5 critical point with U(1)× SU(2)diag symmetry and finally to
AdS2 ×H3 critical point for g1 = 1 and g3 = 2g1.
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We can see that at this stage the parameter a3 needs not be equal to a4 and
a5. However, consistency of the BPS equations from δλ
a
i conditions require a3 =
a4 = a5 and hence a0 = 0 by the conditions in (88). This is because A
0 does not
appear in δλai variation. The resulting BPS equations then reduce to those of the
previous case with A0 = 0. So, we conclude that the A0 twist cannot be turned
on along with the SU(2)diag twists.
4 U(1)× SO(3, 1) gauge group
For non-compact U(1) × SO(3, 1) gauge group, components of the embedding
tensor are given by
ξMN = g1(δ
M
2 δ
N
1 − δM1 δN2 ), (89)
f345 = f378 = −f468 = −f567 = −g2 . (90)
This gauge group has already been studied in [34]. The scalar potential admits
one supersymmetric N = 4 AdS5 vauum at which all scalars from vector multi-
plets vanish and Σ = 1 after choosing g2 = −
√
2g1. At the vacuum, the gauge
group is broken down to its maximal compact subgroup U(1) × SO(3). A holo-
graphic RG flow from this critical point to a non-conformal field theory in the IR
and a flow to AdS3 × H2 vacuum preserving eight supercharges have also been
studied in [34]. In this case, AdS3 × S2 solutions do not exist.
In this section, we will study AdS3×Σ2 and AdS2×Σ3 solutions preserv-
ing four supercharges. The analysis is closely parallel to that performed in the
previous section, so we will give less detail in order to avoid repetition.
4.1 Supersymmetric black strings
We will use the same metric ansatz as in equations (34) and (35) and consider
the twist from U(1) × U(1) gauge fields. The second U(1) is a subgroup of the
SO(3) ⊂ SO(3, 1). There are in total five scalars that are singlet under this
U(1) × U(1), but as in the compact U(1) × SU(2) × SU(2) gauge group, these
can be truncated to three singlets corresponding to the following SO(5, 5) non-
compact generators
Y˜1 = Y31 + Y42, Y˜2 = Y32 − Y41, Y˜3 = Y53 . (91)
With the embedding tensor (90), the compact SO(3) symmetry is generated by
X3, X4 and X5 generators.
Using the coset representative of the form
L = eφ1Y˜1eφ2Y˜2eφ3Y˜3 , (92)
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we can repeat all the analysis of the previous section by using the ansatz for the
gauge fields
A0 = a0 cos θdφ and A
5 = a5 cos θdφ, (93)
for Σ2 = S
2 and
A0 = a0 cosh θdφ and A
5 = a5 cosh θdφ, (94)
for Σ2 = H
2. The result is similar to the compact case with the projectors (41)
and (42) and the twist condition (43).
Using the γr projection (44), the BPS equations in this case read
f ′ = − 1
24Σ2
e−2φ1−φ2−2(φ3+g)
[
e2g
[
1− e4φ1 − e2φ2 + e4φ1+2φ2 + e4φ3 + 4e2(φ1+φ3)
− e4(φ1+φ3) + 4e2(φ1+φ2+φ3) − e2φ2+4φ3 + e4φ1+2φ2+4φ3] g2Σ
−4
√
2κa0e
2φ1+φ2+2φ3 − 4κa5e2(φ1+φ3)
(
1 + e2φ2
)
Σ3
−4
√
2e2φ1+φ2+2(φ3+g)g1Σ
4
]
, (95)
g′ =
1
24Σ2
e−2φ1−φ2−2(φ3+g)
[−e2g [1− e4φ1 − e2φ2 + e4φ1+2φ2 + e4φ3 + 4e2(φ1+φ3)
− e4(φ1+φ3) + 4e2(φ1+φ2+φ3) − e2φ2+4φ3 + e4φ1+2φ2+4φ3] g2Σ
−8κ
√
2a0e
2φ1+φ2+2φ3 − 8κa5e2(φ1+φ3)
(
1 + e2φ2
)
Σ3
+4
√
2e2φ1+φ2+2(φ3+g)g1Σ
4
]
, (96)
Σ′ =
1
24Σ
e−2φ1−φ2−2(φ3+g)
[−e2g (1− e4φ1 − e2φ2 + e4φ1+2φ2 + e4φ3 + 4e2(φ1+φ3)
− e4(φ1+φ3) + 4e2(φ1+φ2+φ3) − e2φ2+4φ3 + e4φ1+2φ2+4φ3) g2Σ
−8κ
√
2a0e
2φ1+φ2+2φ3 + 4κa5e
2(φ1+φ3)
(
1 + e2φ2
)
Σ3
−8
√
2e2φ1+φ2+2(φ3+g)g1Σ
4
]
, (97)
φ′1 =
e−2φ1−φ2+2φ3
(
1 + e4φ1
) (
e2φ2 − 1) g2
2 (1 + e4φ3)Σ
, (98)
φ′2 =
1
8Σ
e−2φ1−φ2−2(φ3+g)
[
e2g
(
e4φ1 − e2φ2 + e4φ1+2φ2 − e4φ3 − 4e2(φ1+φ3)
+e4(φ1+φ3) − 1 + 4e2(φ1+φ2+φ3) − e2φ2+4φ3 + e4φ1+2φ2+4φ3) g2
+4κa5e
2(φ1+φ3)
(
e2φ2 − 1)Σ2] , (99)
φ′3 =
e−2φ1−φ2−2φ3
(
e4φ1 − 1) (e2φ2 − 1) (e4φ3 − 1) g2
8Σ
. (100)
23
-10 -5 5 10
r
1.02
1.04
1.06
1.08
1.10
1.12
SHrL
(a) Solution for Σ
-10 -5 5 10
r
2
4
6
8
gHrL
(b) Solution for g
-10 -5 0 5 10
r
0.75
0.80
0.85
0.90
0.95
1.00
1.05
f
¢
HrL
(c) Solution for f ′
Figure 9: An RG flow solution from supersymmetric AdS5 with U(1) × SO(3)
symmetry to AdS3×S2 geometry in the IR for U(1)×SO(3, 1) gauge group and
g1 = 1, a5 = 1.
This set of equations admits an AdS3 solution given by
φ2 = φ3 = 0, Σ =
(√
2κ
a5g1
) 1
3
,
g =
1
3
ln
(√
2a25
g1
)
, LAdS3 =
(√
2a25
g1
) 1
3
2
(1− κa5g2) . (101)
As in the compact case, Σ2 can be either S
2 or H2, depending on the values of
a5, a0, g1 and g2 such that the twist condition (43) is satisfied. This is in contrast
to the half-supersymmetric solution found in [34] for which only Σ2 = H
2 is
possible.
To find a domain wall interpolating between the AdS5 vacuum to this
AdS3 ×Σ2 solution, we further truncate the BPS equations by setting φi = 0 for
i = 1, 2, 3. The resulting equations are given by
f ′ =
1
6Σ2
e−2g
(√
2κa0 − 2e2gg2Σ + 2κa5Σ3 −
√
2e2gg1Σ
4
)
, (102)
g′ = − 1
6Σ2
e−2g
(
2
√
2κa0 + 2e
2gg2Σ+ 4κa5Σ
3 +
√
2e2gg1Σ
4
)
, (103)
Σ′ = − 1
3Σ
e−2g
(√
2κa0 + e
2gg2Σ− κa5Σ3 +
√
2e2gg1Σ
4
)
. (104)
An example of numerical solutions is shown in figure 9.
4.2 Supersymmetric black holes
We now consider AdS2 ×Σ3 solutions within this non-compact gauge group. We
will look for solutions with U(1)× SO(3) ⊂ U(1)× SO(3, 1) symmetry. There is
one U(1)× SO(3) singlet from the SO(5, 5)/SO(5)× SO(5) coset corresponding
to the non-compact generator
Y = Y31 + Y42 − Y53 . (105)
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The coset representative can be written as
L = eφY . (106)
Using the metric ansatz (66) and (74) together with the gauge fields (70) and
(77), we find that the twist can be implemented by using the projectors given in
(72). Furthermore, the twist condition also implies that a3 = a4 = a5 = a with
g2a = 1, and the twist from A
0 cannot be turned on. The AdS2 × Σ3 solutions
preserve four supercharges.
Using the projector (44), we can derive the following BPS equations
f ′ =
1
12Σ
[
e−3φ
(
1− 3e2φ − 3e4φ + e6φ) g2 + 6κae−φ−2g (1 + e2φ)Σ2
+2
√
2g1Σ
3
]
, (107)
g′ =
1
12Σ
[
e−3φ
(
1− 3e2φ − 3e4φ + e6φ) g2 − 6κae−φ−2g (1 + e2φ)Σ2
+2
√
2g1Σ
3
]
, (108)
Σ′ =
1
12
e−3φ−2g
[
e2g
(
1− 3e2φ − 3e4φ + e6φ) g2 + 6κae2φ (1 + e2φ)Σ2
−4
√
2e3φ+2gg1Σ
3
]
, (109)
φ′ = − 1
4Σ
e−3φ−2g
(
e2φ − 1) (e2g (1 + e4φ) g2 − 2κae2φΣ2) . (110)
These equations admit one AdS2 ×H3 solution given by
φ = 0, Σ = −
√
2
(
g2
g1
) 1
3
g = −1
2
ln

( g21g2) 13
2a

 , LAdS2 = 1√
2 (g1g22)
1
3
(111)
while AdS2 × S3 solutions do not exist.
By setting φ = 0, we find a numerical solution to the above BPS equations
as shown in figure 10.
5 U(1)× SL(3,R) gauge group
In this section, we consider non-compact U(1)× SL(3,R) gauge group. This has
not been studied in [34], so we will give more detail about the construction of
this gauged supergravity and possible supersymmetric AdS5 vacua.
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Figure 10: An RG flow solution from AdS5 with U(1) × SO(3) symmetry to
AdS2 ×H3 geometry in the IR for U(1)× SO(3, 1) gauge group and g1 = 1.
Components of the embedding tensor for this gauge group are given by
ξMN = g1(δ
M
2 δ
N
1 − δM1 δN2 ), (112)
f345 = f389 = f468 = f497 = f569 = f578 = −g2,
f367 = 2g2, f4,9,10 = f5,8,10 =
√
3g2 . (113)
fMN
P can be extracted from SL(3,R) generators ( iλ2
2
, iλ5
2
, iλ7
2
, λ1
2
, λ3
2
, λ4
2
, λ6
2
, λ8
2
)
with λi, i = 1, 2, . . . , 8 being the usual Gell-Mann matrices. The compact
SO(3) ⊂ SL(3,R) symmetry is generated by X3, X4 and X5.
5.1 Supersymmetric AdS5 vacuum
The SL(3,R) factor is embedded in SO(3, 5) ⊂ SO(5, 5) such that its adjoint
representation is identified with the fundamental representation of SO(3, 5). The
SO(3) ⊂ SL(3,R) is embedded in SL(3,R) such that 3 → 3. Decomposing the
adjoint representation of SO(3, 5) to SL(3,R) and SO(3), we find that the 25
scalars transform under SO(3) ⊂ SL(3,R) as
2(1× 5) + 3× 5 = 3+ 3× 5+ 7 . (114)
Unlike the U(1) × SO(3, 1) gauge group, there is no singlet under the compact
SO(3) symmetry. Taking into account the embedding of the U(1) factor in the
gauge group as described in (112), we find the transformation of the scalars under
U(1)× SO(3)
30 + 50 + 70 + 52 + 5−2 (115)
with the subscript denoting the U(1) charges.
It can be readily verified by studying the corresponding scalar potential
or recalling the result of [48] that this U(1) × SL(3,R) gauge group admits a
supersymmetric N = 4 AdS5 vacuum at which all scalars from vector multiplets
vanish with
Σ = 1 and V0 = −3g21 . (116)
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We have, as in other gauge groups, set g2 = −
√
2g1 to bring this vacuum to the
value of Σ = 1. All scalar masses at this vacuum are given in table 1. Massless
scalars in 50 representation are Goldstone bosons corresponding to the symmetry
breaking SL(3,R)→ SO(3).
Scalar field representations m2L2 ∆
10 −4 2
30 32 8
50 0 4
70 12 6
5−2 21 7
52 21 7
Table 1: Scalar masses at the N = 4 supersymmetric AdS5 critical point with
U(1)× SO(3) symmetry and the corresponding dimensions of dual operators for
the non-compact U(1) × SL(3,R) gauge group. The scalars are organized into
representations of U(1)× SO(3) with the singlet corresponding to the dilaton Σ.
5.2 Supersymmetric black strings
We now consider U(1) × U(1) ⊂ U(1) × SO(3) ⊂ U(1) × SL(3,R) invariant
scalars. We will choose the U(1) ⊂ SO(3) generator to be X5. From the vector
multiplets, there are three singlet scalars corresponding to the following non-
compact generators
Y¯1 = Y31 − Y44, Y¯2 = Y41 + Y34, Y¯3 =
√
3Y52 − Y55 . (117)
The coset representative can be written as
L = eφ1Y¯1eφ2Y¯2eφ3Y¯3 (118)
which gives rise to the scalar potential
V =
1
16Σ2
e−4(φ2+φ3)g2
[(
3 + 6e4φ2 + 3e8φ2 + 3e8φ3 − 32e4(φ2+φ3) + 3e8(φ2+φ3)
+6e4φ2+8φ3
)
g2 − 4
√
2e2(φ2+φ3)
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3
+
√
3e4(φ2+φ3) − 2e2φ2+4φ3
)
g1Σ
3
]
. (119)
Notice that V doesn’t depend on φ1, consistent with the fact that φ1 is part of
the Goldstone bosons in 50 representation. It can be verified that this potential
admits only one supersymmetric AdS5 critical point at φ1 = φ2 = φ3 = 0 and
Σ = 1 for g2 = −
√
2g1.
We first consider AdS3 ×Σ2 solutions preserving eight supercharges. We
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will omit some detail since the same analysis has been carried out in [34]. By
turning on gauge fields A0 and A5 along Σ2 and performing the twist in equation
(39) by imposing only one projector
iγθˆφˆǫi = a0g1(σ2 ⊗ σ3)ijǫj − a5g2(σ1 ⊗ σ1)ijǫj , (120)
we find that consistency of this projection condition, namely (iγφˆθˆ)
2 = I4, implies
a0a5 = 0, see [34] for more detail. Therefore, for half-supersymmetric solutions,
the twists from A0 and A5 cannot be turned on simultaneously. Furthermore, as
shown in [34], see also a similar discussion in [39], the twist with a5 = 0 does not
lead to an AdS3 fixed point. We will accordingly consider only the case of a0 = 0
and a5 6= 0 which leads to the twist condition a5g2 = 1 and the projector
iγθˆφˆǫi = −(σ1 ⊗ σ1)ijǫj . (121)
The resulting BPS equations read
f ′ =
1
12Σ
e−2(φ2+φ3+g)
[
e2g
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3 +
√
3e4(φ2+φ3)
−2e2φ2+4φ3) g2 + 2κa5e2φ2 (1 + e4φ3)Σ2 + 2√2e2(φ2+φ3+g)g1Σ3] , (122)
g′ =
1
12Σ
e−2(φ2+φ3+g)
[
e2g
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3 +
√
3e4(φ2+φ3)
−2e2φ2+4φ3) g2 − 4κa5e2φ2 (1 + e4φ3)Σ2 + 2√2e2(φ2+φ3+g)g1Σ3] , (123)
Σ′ =
1
12
e−2(φ2+φ3+g)
[
e2g
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3 +
√
3e4(φ2+φ3)
−2e2φ2+4φ3) g2 + 2κa5e2φ2 (1 + e4φ3)Σ2 − 4√2e2(φ2+φ3+g)g1Σ3] , (124)
φ′1 = 0 (125)
φ′2 = −
√
3e−2(φ2+φ3)
(
1 + e4φ2
) (
e4φ3 − 1) g2
4Σ
, (126)
φ′3 = −
1
8Σ
e−2(φ2+φ3+g)
[
e2g
(
2e2φ2 −
√
3 +
√
3e4φ2 −
√
3e4φ3 +
√
3e4(φ2+φ3)
−2e2φ2+4φ3) g2 − 2κa5e2φ2 (e4φ3 − 1)Σ2] . (127)
The Killing spinors ǫi are subject to the projection conditions (44) and
iγθˆφˆǫi = −(σ1 ⊗ σ1)ijǫj . (128)
As in the U(1) × SO(3, 1) gauge group studied in [34], there is only one super-
symmetric AdS3 ×H2 critical point given by
φ1 = φ2 = φ3 = 0, Σ = −
(√
2 g2
g1
) 1
3
,
g = −1
2
ln
[
1
a5
(
g21g2
2
) 1
3
]
LAdS3 =
( √
2
g1g22
) 1
3
. (129)
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Figure 11: An RG flow solution from AdS5 with U(1)×SO(3) symmetry to N = 4
AdS3 ×H2 geometry in the IR for U(1)× SL(3,R) gauge group and g1 = 1.
This solution is dual to a two-dimensional N = (2, 2) SCFT. By setting φ1 =
φ2 = φ3 = 0, we find a domain wall interpolating between this critical point and
the supersymmetric AdS5 as shown in figure 11.
We now move to AdS3 × Σ2 solutions preserving four supercharges. The
analysis follows the same line as in the previous two gauge groups, so we will
be very brief in this section. By the same analysis as in the previous two gauge
groups, we obtain the following BPS equations
f ′ =
1
12Σ2
e−2(φ2+φ3+g)
[
2
√
2κa0e
2(φ2+φ3) − e2g
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3
+
√
3e4(φ2+φ3) − 2e2φ2+4φ3
)
g2Σ+ 2κa5e
2φ2
(
1 + e4φ3
)
Σ3
+2
√
2e2(φ2+φ3+g)g1Σ
4
]
, (130)
g′ = − 1
12Σ2
e−2(φ2+φ3+g)
[
4
√
2κa0e
2(φ2+φ3) + e2g
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3
+
√
3e4(φ2+φ3) − 2e2φ2+4φ3
)
g2Σ+ 4κa5e
2φ2
(
1 + e4φ3
)
Σ3
−2
√
2e2(φ2+φ3+g)g1Σ
4
]
, (131)
Σ′ =
1
12Σ
e−2(φ2+φ3+g)
[
−4
√
2κa0e
2(φ2+φ3) + e2g
(√
3− 2e2φ2 −
√
3e4φ2 −
√
3e4φ3
+
√
3e4(φ2+φ3) − 2e2φ2+4φ3
)
g2Σ+ 2κa5e
2φ2
(
1 + e4φ3
)
Σ3
−4
√
2e2(φ2+φ3+g)g1Σ
4
]
, (132)
φ′1 = 0, (133)
φ′2 = −
√
3e−2(φ2+φ3)
(
1 + e4φ2
) (
e4φ3 − 1) g2
4Σ
, (134)
φ′3 = −
1
8Σ
e−2(φ2+φ3+g)
[
e2g
(
2e2φ2 −
√
3 +
√
3e4φ2 −
√
3e4φ3 +
√
3e4(φ2+φ3)
−2e2φ2+4φ3) g2 − 2κa5e2φ2 (e4φ3 − 1)Σ2] . (135)
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Figure 12: An RG flow solution from AdS5 with U(1)×SO(3) symmetry to N = 2
AdS3×S2 geometry in the IR for U(1)×SL(3,R) gauge group and g1 = 1, a5 = 1.
These equations admit one supersymmetric AdS3 × Σ2 solution given by
φ2 = φ3 = 0, Σ =
(√
2κ
a5g1
) 1
3
,
g =
1
3
ln
(√
2a25
g1
)
, LAdS3 =
(√
2a25
g1
) 1
3
2
(1− κa5g2)
, (136)
and a domain wall interpolating between this critical point and the supersym-
metric AdS5 is shown in figure 12. It should also be noted that this AdS3 × Σ2
solution is the same as in U(1)× SO(3, 1) gauge group.
5.3 Supersymmetric black holes
We end this section with an analysis of AdS2 × Σ3 solutions and domain walls
connecting these solutions to the supersymmetric AdS5. In order to preserve
supersymmetry, SO(3) ⊂ SL(3,R) gauge fields must be turned on. However,
in the present case, there is no SO(3) singlet scalar from the vector multiplets.
After using the twist condition g2a = 1 and projectors in (72) and (79) together
with the ansatz for the gauge fields in (70) and (77), we obtain the BPS equations
f ′ = − 1
6Σ
(
2g2 − 6κae−2gΣ2 −
√
2g1Σ
3
)
, (137)
g′ = − 1
6Σ
(
2g2 + 6κae
−2gΣ2 −
√
2g1Σ
3
)
, (138)
Σ′ = −1
3
(
g2 − 3κae−2gΣ2 +
√
2g1Σ
3
)
. (139)
These equations turn out to be the same as in the SO(3, 1) case after setting all
the scalars from vector multiplets to zero. A single AdS2 × H3 critical point is
again given by (111).
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6 Conclusions and discussions
We have found a new class of supersymmetric black strings and black holes in
asymptotically AdS5 space within N = 4 gauged supergravity in five dimen-
sions coupled to five vector multiplets with gauge groups U(1)×SU(2)×SU(2),
U(1) × SO(3, 1) and U(1) × SL(3,R). These generalize the previously known
black string solutions preserving eight supercharges by including more general
twists along Σ2. Furthermore, unlike the half-supersymmetric solutions which
only exhibit hyperbolic horizons, the 1
4
-supersymmetric black strings can have
both S2 and H2 horizons. On the other hand, the AdS5 black holes only feature
H3 horizons.
For U(1) × SU(2) × SU(2) gauge group, we have identified a number
of AdS3 × Σ2 solutions preserving four supercharges. The solutions have U(1)×
U(1)×U(1) and U(1)×U(1)diag symmetries and correspond to N = (0, 2) SCFTs
in two dimensions. We have given many examples of numerical RG flow solutions
from the two supersymmetric AdS5 vacua to these AdS3 × Σ2 geometries. We
have also found a supersymmetric AdS2 ×H3 solution describing the near hori-
zon geometry of a supersymmetric black hole in AdS5. For U(1)× SO(3, 1) and
U(1)×SL(3,R) gauge groups, all AdS3×Σ2 and AdS2×H3 solutions exist only
for vanishing scalar fields from vector multiplets and have the same form for both
gauge groups.
It would be interesting to compute twisted partition functions and twisted
indices in the dual N = 2 SCFTs compactified on Σ2 and Σ3. These should pro-
vide a microscopic description for the entropy of the aforementioned black strings
and black holes in AdS5 space. On the other hand, it is also interesting to find
supersymmetric rotating AdS5 black holes similar to the solutions found in min-
imal and maximal gauged supergravities [49, 50] or black holes with horizons in
the form of a squashed three-sphere [51, 52, 53]. Furthermore, embedding these
solutions in string/M-theory is of particular interest and should give a full holo-
grapic interpretation for the RG flows across dimensions identified here.
Acknowledgement
P. K. is supported by The Thailand Research Fund (TRF) under grant RSA5980037.
References
[1] J. M. Maldacena, “The large N limit of superconformal field theories
and supergravity”, Adv. Theor. Math. Phys. 2 (1998) 231-252, arXiv:
hep-th/9711200.
[2] J. Maldacena and C. Nunez, “Supergravity description of field theories on
curved manifolds and a no go theorem”, Int. J. Mod. Phys. A16 (2001) 822,
arXiv: hep-th/0007018.
31
[3] F. Benini, K. Hristov and A. Zaffaroni, “Black hole microstates in AdS4 from
supersymmetric localization”, JHEP 05 (2016) 054, arXiv: 1511.04085.
[4] S. M. Hosseino and A. Zaffaroni, “Large N matrix models for 3d N = 2
theories: twisted index, free energy and black holes”, JHEP 08 (2016) 064,
arXiv: 1604.03122.
[5] F. Benini, K. Hristov and A. Zaffaroni, “Exact microstate counting for dyonic
black holes in AdS4”, Phys. Lett. B771 (2017) 462466, arXiv: 1608.07294.
[6] S. M. Hosseino, A. Nedelin and A. Zaffaroni, “The Cardy limit of the topo-
logically twisted index and black strings in AdS5”, JHEP 04 (2017) 014,
arXiv: 1611.09374.
[7] F. Azzurli, N. Bobev, P. M. Crichigno, V. S. Min and A. Zaffaroni, “A
universal counting of black hole microstates in AdS4”, JHEP 02 (2018) 054,
arXiv: 1707.04257.
[8] S. M. Hosseini, K. Hristov and A. Passias, “Holographic microstate counting
for AdS4 black holes in massive IIA supergravity”, JHEP 10 (2017) 190,
arXiv: 1707.06884.
[9] F. Benini, H. Khachatryan and P. Milan, “Black hole entropy in massive
Type IIA”, Class. Quant. Grav. 35 no. 3, (2018) 035004, arXiv: 1707.06886.
[10] N. Bobev, V. S. Min and K. Pilch, “Mass-deformed ABJM and black holes
in AdS4”, JHEP 03 (2018) 050, arXiv: 1801.03135.
[11] A. Cabo-Bizet, V. I. Giraldo-Rivera, and L. A. Pando Zayas, “Microstate
counting of AdS4 hyperbolic black hole entropy via the topologically twisted
index”, JHEP 08 (2017) 023, arXiv: 1701.07893.
[12] S. M. Hosseini, K. Hristov and A. Zaffaroni, “A note on the entropy of rotat-
ing BPS AdS7 × S4 black holes”, JHEP 05 (2018) 121, arXiv: 1803.07568.
[13] S. M. Hosseini, K. Hristov, A. Passias and A. Zaffaroni, “6D attractors and
black hole microstates”, JHEP 12 (2018) 001, arXiv: 1803.07568.
[14] S. M. Hosseini, I. Yaakov and A. Zaffaroni “Topologically twisted indices in
five dimensions and holography”, JHEP 11 (2018) 119, arXiv: 1808.06626.
[15] M. Suh, “D4-branes wrapped on supersymmetric four-cycles from matter
coupled F(4) gauged supergravity”, arXiv: 1810.00675.
[16] M. Suh, “D4-branes wrapped on supersymmetric four-cycles”, arXiv:
1809.03517.
32
[17] S. M. Hosseini, K. Hristov, and A. Zaffaroni, “An extremization principle
for the entropy of rotating BPS black holes in AdS5”, JHEP 07 (2017) 106,
arXiv: 1705.05383.
[18] A. Cabo-Bizet, D. Cassani, D. Martelli and S. Murthy, “Microscopic origin
of the Bekenstein-Hawking entropy of supersymmetric AdS5 black holes”,
arXiv: 1810.11442.
[19] J. Schon and M. Weidner, “Gauged N = 4 supergravities”, JHEP 05 (2006)
034, arXiv: hep-th/0602024.
[20] G. DallAgata, C. Herrmann, and M. Zagermann, “General matter coupled
N = 4 gauged supergravity in five-dimensions”, Nucl. Phys. B612 (2001)
123150, arXiv: hep-th/0103106.
[21] B. de Wit, H. Samtleben and M. Trigiante, “On Lagrangians and gaug-
ings of maximal supergravities”, Nucl. Phys. B655 (2003) 93-126, arXiv:
hep-th/0212239.
[22] B. de Wit, H. Samtleben and M. Trigiante, “The Maximal D = 5 supergrav-
ities”, Nucl. Phys. B716 (2005) 215-247, arXiv: hep-th/0412173.
[23] H. Nicolai and H. Samtleben, “Maximal gauged supergravity in three-
dimensions”, Phys. Rev. Lett. 86 (2001) 1686-1689, arXiv: hepth/0010076.
[24] D. Klemm and W. A. Sabra, “Supersymmetry of black strings in
d = 5 gauged supergravities”, Phys. Rev. D62 (2000) 024003, arXiv:
hep-th/0001131.
[25] S. L. Cacciatori, D. Klemm and W. A. Sabra, “Supersymmetric domain
walls and strings in d = 5 gauged supergravity coupled to vector multiplets”,
JHEP 03 (2003) 023, arXiv: hep-th/0302218.
[26] A. Bernamonti, M. M. Caldarelli, D. Klemm, R. Olea, C. Sieg and E. Zorzan,
“Black strings in AdS5”, JHEP 01 (2008) 061, arXiv: 0708.2402.
[27] D. Klemm, N. Petri and M. Rabbiosi, “Black string first order flow in
N = 2, d = 5 abelian gauged supergravity”, JHEP 01 (2017) 106, arXiv:
1610.07367.
[28] M. Azzola, D. Klemm and M. Rabbiosi, “AdS5 black strings in the stu model
of FI-gauged N = 2 supergravity”, JHEP 10 (2018) 080, arXiv: 1803.03570.
[29] J. B. Gutowski and H. S. Reall, “Supersymmetric AdS5 black holes”, JHEP
02 (2004) 006, arXiv: hep-th/0401042.
33
[30] K. Hristov and A. Rota, “Attractors, black objects, and holographic RG
flows in 5d maximal gauged supergravities”, JHEP 03 (2014) 057, arXiv:
1312.3275.
[31] M. Suh, “Magnetically-charged supersymmetric flows of gauged N=8 super-
gravity in five dimensions”, JHEP 08 (2018) 005, arXiv: 1804.06443.
[32] S. Sadeghian, M.M. Sheikh-Jabbari and H. Yavartanoo, “On Classifica-
tion of Geometries with SO(2, 2) Symmetry”, JHEP 10 (2014) 081, arXiv:
1409.1635.
[33] L. J. Romans, “Gauged N = 4 supergravity in five dimensions and their
magnetovac backgrounds”, Nucl. Phys. B267 (1986) 433.
[34] H. L. Dao and P. Karndumri, “Holographic RG flows and AdS5 black strings
from 5D half-maximal gauged supergravity”, arXiv: 1811.01608.
[35] S. Cucu, H. Lu and J. F. Vazquez-Poritz, “Interpolating from AdS(D−2)×S2
to AdSD,” Nucl. Phys. B677, 181 (2004) arXiv: hep-th/0304022.
[36] F. Benini and N. Bobev, “Two-dimensional SCFTs from wrapped branes
and c-extremization”, JHEP 06 (2013) 005, arXiv: 1302.4451.
[37] P. Karndumri and E. O Colgain, “3D Supergravity from wrapped D3-
branes”, JHEP 10 (2013) 094, arXiv: 1307.2086.
[38] N. Bobev, K. Pilch, and O. Vasilakis, “(0, 2) SCFTs from the Leigh-Strassler
fixed point”, JHEP 06 (2014) 094, arXiv:1403.7131.
[39] N. Bobev and P. M. Crichigno, “Universal RG Flows Across Dimensions and
Holography”, JHEP 12 (2017) 065, arXiv: 1708.05052.
[40] F. Benini, N. Bobev and P. M. Crichigno, “Two-dimensional SCFTs from
D3-branes”, JHEP 07 (2016) 020, arXiv: 1511.09462.
[41] I. Bah, C. Beem, N. Bobev, and B. Wecht, “Four-Dimensional SCFTs from
M5-Branes”, JHEP 06 (2012) 005, arXiv:1203.0303.
[42] P. Karndumri and E. O Colgain, “3D Supergravity from wrapped M5-
branes”, JHEP 03 (2016) 188, arXiv: 1508.00963.
[43] P. Karndumri, “Holographic renormalization group flows in N = 3 Chern-
Simons-Matter theory from N = 3 4D gauged supergravity”, Phys. Rev.
D94 (2016) 045006, arXiv: 1601.05703.
[44] A. Amariti and C. Toldo, “Betti multiplets, flows across dimensions and
c-extremization”, JHEP 07 (2017) 040, arXiv: 1610.08858.
34
[45] P. Karndumri, “Supersymmetric AdS2×Σ2 solutions from tri-sasakian trun-
cation”, Eur. Phys. J. C77 (2017) 689, arXiv: 1707.09633.
[46] P. Karndumri, “RG flows from (1, 0) 6D SCFTs to N = 1 SCFTs in four
and three dimensions”, JHEP 06 (2015) 027, arXiv: 1503.04997.
[47] P. Karndumri, “Twisted compactification of N = 2 5D SCFTs to three
and two dimensions from F (4) gauged supergravity”, JHEP 09 (2015) 034,
arXiv: 1507.01515.
[48] J. Louis, H. Triendl and M. Zagermann, “N = 4 supersymmetric AdS5 vacua
and their moduli spaces”, JHEP 10 (2015) 083, arXiv:1507.01623.
[49] Z. W. Chong, M. Cvetic, H. Lu and C. N. Pope, “Five-Dimensional Gauged
Supergravity Black Holes with Independent Rotation Parameters”, Phys.
Rev. D72 (2005) 041901, arXiv: hep-th/0505112.
[50] Z. W. Chong, M. Cvetic, H. Lu and C. N. Pope, “General Non-Extremal
Rotating Black Holes in Minimal Five-Dimensional Gauged Supergravity”,
Phys. Rev. Lett. 95 (2005) 161301, arXiv: hep-th/0506029.
[51] J. L. Blazquez-Salcedo, J. Kunz, F. Navarro-Lrida and E. Radu, “New black
holes in D = 5 minimal gauged supergravity: Deformed boundaries and
frozen horizons”, Phys. Rev. D97 (2018) 081502, arXiv: 1711.08292.
[52] J. L. Blazquez-Salcedo, J. Kunz, F. Navarro-Lrida and E. Radu, “Squashed,
magnetized black holes in D=5 minimal gauged supergravity”, JHEP 02
(2018) 061, arXiv: 1711.10483.
[53] D. Cassani and L. Papini, “Squashing the Boundary of Supersymmetric AdS5
Black Holes”, JHEP 12 (2018) 037, arXiv: 1809.02149.
35
